Serial passage of Semliki Forest virus (SFV) in chicken embryo cells had little effect on SFV yield; however, high multiplicity infection of murine cells with one of the late passage pools (passage 9 SFV) resulted in a virus yield 10-to 20-fold lower than that obtained with earlier passage virus and 80-fold lower than the corresponding yield in chicken cells. This effect was accompanied by a striking decrease in the levels of 42S and 26S RNA and by increased proportions of a small single-stranded viral RNA (molecular weight, 9 x 105) and of a low-molecular-weight replicative form. There was also a reduction in the number of specific membranous structures previously associated with the group A arbovirus replication complex. These results suggested that passage 9 SFV contained defective interfering particles which were detected more readily after one passage in a murine indicator host cell. Identical results were obtained with two different murine cell lines: one a leukemia virus-free clone of AKR cells and the other JLS-V9 cells chronically infected with Rauscher leukemia virus. Host production of RNA tumor virus particles apparently did not affect arbovirus replication.
Serial passage of Semliki Forest virus (SFV) in chicken embryo cells had little effect on SFV yield; however, high multiplicity infection of murine cells with one of the late passage pools (passage 9 SFV) resulted in a virus yield 10-to 20-fold lower than that obtained with earlier passage virus and 80-fold lower than the corresponding yield in chicken cells. This effect was accompanied by a striking decrease in the levels of 42S and 26S RNA and by increased proportions of a small single-stranded viral RNA (molecular weight, 9 x 105) and of a low-molecular-weight replicative form. There was also a reduction in the number of specific membranous structures previously associated with the group A arbovirus replication complex. These results suggested that passage 9 SFV contained defective interfering particles which were detected more readily after one passage in a murine indicator host cell. Identical results were obtained with two different murine cell lines: one a leukemia virus-free clone of AKR cells and the other JLS-V9 cells chronically infected with Rauscher leukemia virus. Host production of RNA tumor virus particles apparently did not affect arbovirus replication.
Biochemical studies of the replication of Semliki Forest virus (SFV), a group A arbovirus, have been carried out almost entirely in chicken embryo (CE) cells (3-7, 9, 12, 13, 18) . A few experiments have suggested that infection of mammalian cells can result in an altered pattern of viral RNA synthesis (12) LEVIN, RAMSEUR, AND GRIMLEY SFV pools were prepared in CE cells as described previously (7) . Except where noted otherwise, the number of serial passages after plaque purification was seven or less.
Infection procedures. Cells were infected with SFV in the presence of 1 ug of actinomycin D per ml. The multiplicity of infection was 10 to 20 PFU per cell, or as specified. After 1 h at 37 C, the appropriate medium supplemented with 2.5% serum (AKR cells) or 10% serum (JLS-V9 cells) was added and incubation was continued at 37 C. In experiments which measured growth of SFV, the virus inoculum was removed after the 1-h adsorption period. The cells were washed three times with warm serum-free medium, and then medium containing serum and 0.1 Mg of actinomycin D per ml was added. Virus titer was determined by plaque assay on monolayers of CE cells (20) .
Isolation and analysis of SFV RNA. Monolayer cultures on 100-mm Falcon petri plates (4 x 107 cells) were infected with SFV as described above except that the concentration of actinomycin D in the medium was maintained at 1 gg/ml. At 1 or 2 h postinfection, fresh medium containing 'H-adenosine and 3H-uridine (each 25 MCi/ml) was added and incubation was continued until 5 h postinfection. RNA was extracted at room temperature with 0.5% sodium dodecyl sulfate (SDS) and phenol according to procedures described previously (12) . Samples were analyzed on composite 2.0% polyacrylamide-0.5% agarose gels run for 3.5 h (12).
RESULTS
Growth of SFV in MuLV producer and nonproducer lines. In assessing possible host influences on SFV infection, we initially considered the possibility that chronic infection of murine cells with C-type virus might interfere with arbovirus replication. SFV growth was therefore examined in a leukemia virus-free line of AKR cells (15) and in JLS-V9 cells (21) which have been shown to produce MuLV (Levin, et al., manuscript in preparation). As illustrated in Fig. 1 Table 1 (AKR, JLS-V9), infection with passage 7 SFV at high or low multiplicity gave somewhat lower yields in murine cells than in CE cells. However, infection with passage 9 SFV gave more striking results. At high multiplicity, virus yield in murine cells was 10-to 20-fold lower than that obtained with earlier passage SFV and 80-fold lower than the corresponding yield in CE cells; at low multiplicity, the titer was consistently higher. In agreement with the results obtained in CE cells, the yields from passages 10 to 13 in AKR and JLS-V9 cells were increased relative to the yield from passage 9 SFV, and by passage 11 the titer was close to that observed in CE cells. The data presented in Table 1 suggested that passage 9 SFV contained DI particles which could be detected more readily after infection of a murine host. Further evidence for the existence of the DI particles was obtained by measuring the ability of passage 9 SFV or the virus produced from passage 9 SFV (passage 1, AKR) to interfere with the replication of a high-titer pool (passage 13 SFV). As may be seen from Table 2 , co-infection of AKR cells with passage 13 and passage 9 SFV at high multiplicity of RF's infection reduced the yield from passage 13 SFV by 60-fold. Addition of passage 9 or passage 1, AKR SFV at very low multiplicities of infection inhibited infectious virus production to almost the same extent. Effect of serial passage of SFV in CE cells on viral RNA synthesis and morphogenesis in murine cells. SFV RNA from JLS-V9 and AKR cells infected with early passage virus was characterized by polyacrylamide gel electrophoresis (Fig. 2) . As may be seen, the distribution of viral RNA species was fairly similar to the pattern obtained with the 32P-labeled marker RNA from CE cells. A strikingly different pattem resulted when AKR cells were infected with passage 9 SFV at high multiplicity (Fig. 3A) . The proportion of 26S RNA was drastically reduced, and the relative amounts of the lowmolecular-weight replicative form (RF) and the small single-stranded RNA (molecular weight 9 x 105) were greatly increased. There was also a two-to threefold reduction in the total amount of 42S RNA a The passage number refers to the number of times the virus was passaged at high multiplicity in CE cells after plaque purification. The yields from each of the resulting SFV pools after one additional passage in CE, AKR, or JLS-V9 cells are given in the columns to the right. bDuplicate cultures on 60-mm dishes were infected with SFV at a multiplicity of 25 PFU/cell (high multiplicity) or 10-2 PFU/cell (low multiplicity) as described in Materials and Methods except that actinomycin D was maintained in the growth medium at 0.5 Ag/ml after the 1-h absorption period. The cultures were harvested at 16 h postinfection. Table  1 ). Infection of AKR cells was always at a virus-to-cell ratio of 25 PFU/cell. 'Passage 9, CE SFV was obtained by infecting CE cells with passage 8 SFV at a high multiplicity of infection (see Table 1 ).
c Passage 1, AKR SFV was obtained by infecting AKR cells with passage 9, CE at a high multiplicity of infection (see Table 1 ).
JLS-V9 cells (not shown)
. These results are in agreement with recent studies on viral RNA synthesis in BHK cells infected with a late passage pool of Sindbis virus (2, 17) .
As might be expected, when AKR cells were infected with passage 9 SFV at a virus-to-cell ratio of 10-2, the viral RNA pattern (Fig. 3B) was similar to the one illustrated in Fig. 2B . There was still a very small enrichment of 'H-labeled counts in the region of the lowmolecular-weight RF (2% in the peak fraction compared to 6% in Fig. 3A) . However, the low-molecular-weight, single-stranded RNA was no longer a major species, and the 26S and 42S RNA molecules were now present in equal proportions.
To learn whether the infectivity and RNA data might correlate with any ultrastructural changes, JLS-V9 and AKR cells infected with passage 7 or passage 9 SFV were examined in the electron microscope at 8 h postinfection. Attention was focused on the numbers of specific membranous structures (CPV-1) present in the cells, since these structures have been shown to be loci of viral RNA synthesis (8) and are associated with the SFV replication complex (6) . In every experiment, regardless of the passage number of the virus inoculum, numerous structures were observed. At high multiplicity, cells infected with passage 7 SFV contained approximately 120 CPV-1 per 100 cell sections. This number was consistently lower in cells infected at high multiplicity with passage 9 virus, with a reduction in counts of about twoto threefold. Cytoplasmic nucleocapsids and budding virus were also observed in these experiments.
DISCUSSION
The data reported in this study indicate that, although growth of SFV in murine cells was unaffected by chronic infection of the host with C-type particles (Fig. 1) , differences in SFV yield could be related to the number of times the virus inoculum had been passaged in CE cells (Table 1) . Thus, high multiplicity infection of murine cells with one of the late passage pools from CE cells (passage 9 SFV) led to a considerable reduction in SFV titer and a dramatic shift in the distribution of intracellular viral RNA species (Fig. 3A) . These observations suggested that DI particles were present in passage 9 SFV and, as might be expected, both had the capacity to interfere with the replication of a normally high-titer SFV pool ( Table 2) .
The present findings are consistent with the picture which has emerged from characterization of other DI particle-producing systems, including the extensive studies on defective particles of vesicular stomatitis virus (10, 11, 19) and more recent reports on production of defective Sindbis virus (2, 16, 17) . Furthermore, in our own studies on SFV infection in HeLa cells, we have found that serial passage of the virus in HeLa cells markedly reduces SFV yield and alters viral RNA synthesis in a manner virtually identical to that shown in Fig. 3A 
